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@ Natural and synthetic proteins with Inhibitory activity towards pathogenic microorganisms. 



@ A selected group of proteins has been found to have antimicrobial properties. In a preferred 
embodiment, plant resistance to diseases caused by plant pathogens which are susceptible to these 
proteins is produced by inserting into the cells of a plant a gene whose expression causes production a 
selected protein in antimicrobial amounts. 
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Technical Field 



Background of the Invention 

in the environment and in humans and other animals. 
Humans and Lower Animals 

Bact^andronoiaretbecaoeeoW 
tan mho, «*• «* - -**• T"" JSSSSSgSt"*"* — 

Sr^dicin. fer the de*,opmsntof n~ aid effectl.. .nSnfecbve 



Plants 



N«.ono,.n.b..«d.a»h«o^^ 
prists of agncwltoml.™ps. Oh. melh^ 

^„,c « , n «- r <- n. - ■ a-jSS3^TSK!Z^S- has t».n 

his numerous. arwacooniied problems. A more recem ™™° _-_«,»• or Inhibitors of the troublesome 
the us. of biological control organisms which era typu y M ™^J*" ™™ ™ ™ ahd s»en mere dif- 
mlcr^nlsn^Ho^r/itlsdi^ 

plant cells directly by translation of a single structural gene. fi Seria| No . 725 ,368, describes 

JrSTJSSL* dna M wh« rs^SS££KS 

peptide or protein, which may have antimicrobial activity. 

Summary of the Inventi n 

" Acc.rflngtome—.^nnafc,^ 
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relates broadly torn thods of creating plants with disease r sistanc by virtu of expressing one or m reof 
thes proteins, and to cells and plants created thereby. 

Disclosure of the Invention 

It has now been determined that proteins from the group consisting of: 
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poly-L-Arginine HCl 
poly-L-Histidine 

Adrenocorticotropic Hormone 1-17 
Adrenocorticotropic Hormone 1-24 
Cathepsin G 
e-Hordothionin 

Eosinophil Major Basic Protein 
Eosinophil Cationic Protein 

Eosinophil Peroxidase 
Crotamine 
Citrate Synthase 
Stinging Nettle Lectin 
Lyticase 
Penicillinase 



Defensin NPl 
Magainin-2 
Magainin-A 
Magainin-G 

a-Hordothionin 

0-Purothionin 

nelittin 

poly-L-Lysine HBr 

poly-L-Lysine HCl 
poly-D-Lysine 
poly-D-^ysine HBr 
Mastoparan 
Kassinin 
Cytohelicase 
Lysozyme 

D u e-Prn-Phe-His-Phe-Phe-Val-Tyr-Lys and mixtures thereof have potent antimicrobial activity against 
org^smfan antimicrobial amount of a protein selected from the group cons,st,ng of. 
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Defensin NPl 
Kagainin-2 
Magainin-A 
Magainin-G 

a-Hordothionin 

p-Purothionin 

Melittin 

poly-I»-Lysine HBr 
poly-L-Lysine HC1 
poly-D-Lysine 

poly-D-Ly sine HBr 
Mastoparan 



poly-L-A^ginine HCl 
poly-L-Histidine 

Adrenocorticotropic Hormone 1-17 
Adrenocorticotropic Hormone 1-24 

Cathepsin G 
p-Hordothionin 

Eosinophil Major Basic Protein 
Eosinophil Cationic Protein 
Eosinophil Peroxidase 
Crotamine 
Citrate Synthase 
Stinging Nettle Lectin 



Kassinin 

Cytohelicase 

Lysozyme 



Lyticase 
Penicillinase 



ably as applied to the specific compounds identified above. 
Plants 

The polypeptides employed "^ 
microorganisms by any convenient ^r*£S3S-5 into the tissues of a treated plant so 
antimicrobial arts. The polypeptide can ^J^ST^SE* to antimicrobial amounts of the anbm. 
that in me course of Westing me P^^ 

crobial protein. One method of doing ft. - to incorporate th ^ prote,n , ^ fl| 

*ed for systemic administration to ^ binary skill in the art of plant fungicide for- 
materials such as captan and .s well ° e ° " ^ can be isolated, cloned, inserted mto an 

mulation. However, since ^f^f^^Z^Xl^ ^species, an especially prefer- 
appropriate expression cassette, and ,nt^^^^ 

red embodiment of this method involves mseAm l^J^^ er ^ inscription initiator and promoter 
or mc^ of me foregoing polypeptkiesnproper^ 

Sdero^hJMorum. These indude ^TSSSSmSZ ke^dif^commercial crops to rein 
b^mTed as limiting, " certain other crops. Thus the methods of ta 

ably transform and regenerate, and these ^pathoge s also '"fee f ^ y ^ founo t0 be 

invention are ^adily applicable v.a ? nven^ 

susceptible to the plant pathogens hsted !^ te %^ citrus, Unum, Geranium, ManipoL 

4 
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O^mm.Q^^^^u^io ^ methods of tt^is invention are cereal ^ops. 
for^eti^ 

resistance to a microorganism to wh.ch fte pla rt« sus«j> ^ ^ ^ ^ g s 0 h than 
fte plant, i.e., the protein and the gene *££^«w£ one or more of these proteins but m lower 
the plant being transformed. However, m spec, "^^^tow^^"*^^?™ 
thanantimicrobial amounts, itmay be »" R *^^£ pro «„ > thus achieving antimic«>b,al levels and 
Lrftutive promoter control to " US * 

confening effective disease ^^^J^^^mi^i to tissues which are normally ritocM by 
proteins but the protein or prote.ns . ' «*P«A^ " » jzed expre ssion or overproducbon of the 

L disease, a tissue^pecific promoter^ 

'^sequenceswh^ 

an aDDtopriate plant expression cassette. jn me arL By the term "exp- 

LiSse. numerous plant expression cassettes ^^^X initiation, promoter and termination 
reJon cassette" is meant a complete set cfooriri eque n^J 9 ^ ^ ^ 
s^uenc^s which function in a plant cell wh^ 
ression cassettes frequently and P rrfera ^ CO "^SSoned gene have a start codon in the correct 
Lrtion of any desired structural gene. It . '^mfpCUression cassette preferably 
readingframeforthestructuralse^^^^^ 
so constitutivepromotersequenceatone^^^ 

35 askanamycinresistenceorherbicidetole^ 

Bythe term -vector" here.n ' am * antaD ^ S °J^^^^^^ recognition sites which may be cut m ^ 

in a host cel.. Typically, the vector has one or ^ 

dicteblefashionby useof theappropr,atee n zyme.S^ en ^ flS markereto .dentrfy 

structural gene sequences imparting ant,b,ot,c ^JjSSSi '"dude kanamycin. chlorosulfuron phoj- 

which is not a part of the chromosomes of the cell. MV promoters. 

„ P^mote^ that may be used in the ^^^^S^mi promoter. Overproducing plant 
An efficient plant promoterthat may be u s * * " "JS^»>^«^*W rf ^ ri,, ^ 1 t 
promoters that may be used in this ^^^J^^^J^c^ Ap^Gen,, 1:483-498 ^1982)^ 
biphosphate carboxylase from •^^57^„ J^^SSs are known to be hght-.nduced .n 
the promoter of the cholorophyll a-b bmdmgj ^^X^SmJSLt^OoASSSt^ J- 

50 eukaV plant cells (see, for example. ^^^^^^^^^ 
Cashmore.Pelham, New York, 1983. PP. 29-38 

Dunsmuir,etal. i; UM«i!^^ 
iLexpressio^^ 

control s quences can be ligated into a su.table clon.ng vector in g " wfth ^ nost ce ,| a re used. 
55 terltaUr P^^^-^SS^-Tl^S^ sthatarecapabl ofproviding 
The doning vector will typically carry a «*^X£3» ■ Qenes conferring resistance to «*M»« 
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of the selected protein in bacteria are used inthe convenienttechnique, includ- 
Theisdateddoningvectorw.limenbe.nt^uced.nto^ and 

ing electroporatton (in protoplasts). ig^^SS!^^'^^ MtevnMn 
microinjection, into cells from T^ne^ 

transformed plant cells containing as foreign DN ^*'^ S 'X selected from maize, sorghum, wheat and rice, 
sion cassette. P^bly. the monoco^edon^ • ^ an(J tomato . Using 

and the dicotyledonous species w,l. be '^^^^^^ be regenerated to form whole 
known techniques.protoplasts can be "f""^ 

o^^ 
sele^m^^^ 

^regenerating disease^istant whole plan^mtte^^ 
obtaLd.theyc»n be sexually or don^ 
30 provided by the expression cassette ,s present m Une cells JjW*" J rec0 mbinant DNA 
Alternately, once a single transformed P |an ' J^J^^^^ selected pro- 

b recovering reproductive material from the progeny of** m necessary , me 

m ^^^^ 

and , • „ «f ..nHmiciohial activity (or an associated marker gene) among the progeny of 

itsar ™r sss rss — — • — - 

me png.Hr .long with M> ger* Iw"** : '"""J' MKMM of gnu. « ta»r. II •» Mudos 
raK d Mo t^ts^m^^m.'^ ^"^Z^Zwtos a method lor Imparl an***. 

55 Human and Veterinary Pharmaceutical Use 



EP 0 502 718 A1 



orl weranimalhostinneedofsuchtr atment a therap utically effectiv amount of apolypept.de of th unven- 
IraLZsiLcontainingoneorbothofth polypeptid s.Thep 

be adminSed parenteral*, by taMrion spray, rectalry or topically in dosage un.t formulates ooMng 
cor^eTonL nontoxic pharmaceutical* acceptable carriers, adjuvants and vehicles as desired • Th 
o^nteraT as used herein includes subcutaneous, intravenous, intramuscular, intraarticular and .ntrathecal 

to b To2daMose of the compounds of this invention administered to a host in single or divided dosesmay 
be in amounte for example, of from 0.1 to 2000 mg/kg body weight daily and more usually 50 to 500 mgJkg^ 
^age unft ^mposrtions n\ay contain such amounts or fractions or submultiples thereof as appropriate to 
mTke up theSy dose. It wBl'be understood, however, that the specific dose level for any ^nte P"£ 
wTdepend upon a variety of factors including the activity of the specific compound employ^ the age body 

weighr9«n^ health - se * me of administration ' route of administrat,on ' rate « * m ^ 

nation and the severity of the particular disease undergoing therapy. . 

Thte invention also provides pharmaceutical compositions in unit dosage form, compnsmg an effective 

aJ^Z cZ™* of this invention in combination wrth a conventional pharmaceutical earner As ^sed 

SSin the ten^pharmaceutical carrier" means a solid or liquid filler, diluent or encapsuWrting material. Some 

SrofTe Sals which can serve as pharmaceutical carriers are sugars, such as gM 

Sc^siches such as com starch -P^^^^^J^S^^ 

boxvmethvl cellulose ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin, talc, exc p.ents 

SasSabS^ 

o rcorn^ and soybean oi^lyols such as propylene glycol, glycerin, sorbitol, mannrtol Potye%lene 
g WcS ester^ such aTethyl oleate and ethyl laurate; agar, buffering agents such as magnesium hydroxide and 
alumtu^ 

phTblTsolutions. as well as other non-toxic compatible substances used ,n f 1 ^!^^^ 
Wetting agents, emulsifiers and lubricants such as sodium lauryl sulfate and magnes.um stearate as weH as 
colorina aqents release agents, coating agents, and perfuming agents and preservatives can also be present 
^Z^oooLo to the desires of the formulator. The amount of active ingredient *a ^ may 
combined with the carrier materials to produce a single dosage form will vary depending upon the host treated 

^C^^— ^rein is meant an amount of e^her polypeptide ore— 
thereoVEntto provide antimicrobial actmty so as to alleviate or prevent infection by sus^phbte^^^^ 
Tie human or lower animal being treated at a reasonable benefit/risk ratio attendant with any medical treat- 
ment 

Industrial Applicability 

The following descriptions further exemplify the compositions of this invention and thamrth ^ s |1 °^^ 
and S them. However, it will be understood that other methods, known by those of ordinary sWI in the art 

to be equivalent, can also be employed. 

Example 1 - Antimicrobial Screening Procedures 

Proteins are screened for antimicrobial activity in concentrations depending on the molecular weight of the 
selected protein. The following chart gives examples of stock solution concentrations: 



Molecular weight Stock solution concentration 

<500 Da 3000 j/M 

500-5000 Da 300 //W 

5000-10000 Da 100 //M 

>10000 Da 30 //M 

Solutions of protein with unknown mol cular weight ar made with a concentration of 1 .0 <^W<** is the 
usuTsolvenl J however .01% acetic acid may b usedf rsmall proteins. The stock solutions are stenhzed us, ng 
means known to the art and ar star d at an appropriat temperature. 
The p^eins are then screened for antimicrobial r antifungal activity by the f llowmg methods: 
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the number of hyphal ^mente is approxtmately 1^50 ^ ^ score(j vjsual|y 

Plates are incubated at 28'C m * e !^J^££ to deleiTnin e antifungal activity, with 1 be.ng no 
under an inverted microscope^ ouritt*. W scale - jJ^JL rf , , 2 and 3 indica te intermediate 
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10 



15 



PlatesC anb -bat 

of each well. Turbidrty is a measure of the fungal "^^^ F ur to eight repetitions are ne ded to 
ateOOnrnandthepe^b^ 

accurately determ.ne the ^"'""^ibit fungi relative to the control, 
determine whether the prolans T^l'^S^io confirm antifungal activity. 

The above described expenment » ^"^*°£Zb or more fungi in the first screening process 

Proteins which exhibit moderate to strong _° c ^^ 
are advanced to asec*ndsc™n^ 

est concentration of protein that shows .nhibrtory actrvrty. me j approximately 1000X range of 

U^^^^^S^^^^ 1 ~— B, " B process wM be 

=etr^^ 

Approximately 90 ul of a protem d.lut.on are »A £ gcreening p^ss. 
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Preferred proteins for U.ino or inhio.no the ^^^^^^^ 
^ Magainin-G. poiy-L-Arginine adrenoc^cotropic 
poly-D-Lysine HBr, Mastoparan Kass.n.n. ^^^^ Defensin N P1. Cathepsin G, Lysozyme. 

MagainMS. pa****- HO. ^r^^r P ° "^S-tX ad^cw.* hor- 

tein, and Eosinophil peroxidase. „ at hoaen Diplodia mavdis are: Magainin-2, Magainin-A. Ma- 

[ysina HBr, Defer,* NP1. a-tordotMonin. ^"f*;^ ^micol. « ****** Ma- 

HBr, Ma»oparan,DetensinNP1, Calhepsm o Lysozyre Eosinophil caoonic prolan, 

hg no. lech, Crofemfoe, umn EnjiopM "T™^ sSn^iorurr, are: IHgaUavA. poly-Hui- 
Pr<*rrM [ ^nstorkill..90rinh,^ 

Lysine HBr, Mastoparan, Pro-H.s-Pro-Phe-H.s -Phel PM v« iy catheDsin G, Lysozyme, a-hordothionin, 

.45 and Eosinophil peroxidase. 

Example 2 - Protein Synthesis Methods 
Synthetic Peptides: 

d^«nft*«^^»«^^^~^^V papwe is poriffed usino 
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ences of proteins from th spec.es ^"^^^^rth proteins. Thusthe optimal DNAsequence 
codons are chosen, based on the averag jJ^J * s P added to the beginning of the DNA sequ- 
coding for the desired peptide is °«ed^ *TG " intQ a plant expression vector, suitable 
enceK ft is not already presenUn ^f£^£Z^ m DNA synthesizer is used to synthesize 

roSrs: ( r s ^^ 

techniaues known to the art. 



theoligonuaeonaev^^^M- - 

expression vectors using techniques known to the art. 

10 Purified Proteins & Enzymes: 
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Thepurfledproteinsandenzym^ 

^ordothionin. p-Purothionin. S « n 9'"9^ by the following methods. 

nTphOcationicPmteinandEosinopO^ 

Proteins and enzymes are isolated from b«olog.ca. mm ng an<J enzymBS . 

ences cited. Various purification tec Jniques kr Lociating antifungal activity with a 

The antifungal activity of purified prote ns an Phase HPLC. 

ques well known to the art. a lambda P h °?° ^ rea ding frames inserted into a fj-galactos.- 

ground to the invention. techniaue for cloning genes. This procedure 

c. Poiymerase chain reaction (PGR) . another we ^^^^^..^^^lOM 
uses DNA primers based on two separate , reg.on o F fte prewn ^ nt between 

may or may not be degenerate.) The 3* probe. A genomic, or. preferab.y, 

the primers. That fragment can bJPjrf-J* ues^he clone identified by the oligonucleotide . 



known to the art. 
40 Partially Purified Protein Extracts: 



ramaiiy run..«- • — 



Claims 

55 
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amountofsuchaprotein. Vmnraanisrr , i^us^m^^^-^^^ 

whereby the protein is expresseo 



7 A method according to any one u 

• BT-11111 , i .«^— ■<•* 

5 , m ft or 9 in which the expressran cassette 

10 A method according to claim 8 or 9 in wn 

troporation. introduced into the cells by micrc- 

_ to drtn 8 or 9 in which the expression cassette mtro 
H A method according to claim 
« particle bombardment • n ^ette is introduced into the cells by micro- 
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